A prolongation of QT interval increases the risk for coronary heart disease, ventricular arrhythmias, and sudden death in diabetic patients, after myocardial infarction, and in the elderly. An association between QT prolongation and cardiovascular risk factors has been demonstrated in middle-aged and elderly subjects. Aims of this study were to evaluate the prevalence of a prolonged corrected QT interval (QTc) in a healthy young population (n ¼ 170, age 22-25 years, 84 males) and to investigate the association of QTc and QT dispersion (QTd) with cardiovascular risk factors (body mass index, blood pressure, fasting blood glucose and cholesterol, smoking habits, and hypertensive familiarity). A prolonged QTc was observed in 10% of female and 5% of male subjects; in multiple regression analysis, QTc showed a significant positive relationship with blood glucose in females (P ¼ 0.04) and systolic blood pressure in male subjects (P ¼ 0.03), while QTd was not significantly related with any of the factors.
Introduction
The length of QT interval represents the time interval between the start of activation of the ventricle and the completion of its repolarization; a prolongation of this interval expresses delayed repolarization of the ventricular myocardium and is considered a precursor of malignant arrhythmias and sudden death. 1, 2 A relationship between prolonged heart rate-corrected QT interval (QTc) and increased risk for coronary heart disease, ventricular arrhythmias, and sudden death has been reported both in long QT syndrome 3 and after myocardial infarction. 4, 5 In diabetic patients, a prolonged QTc is associated with autonomic neuropathy, 6 nephropathy, and ischaemic heart disease, 7 and with an increased risk for sudden death and total mortality. 8, 9 Among the elderly and in healthy populations, subjects with a prolonged QTc show an increased risk for coronary heart disease and cardiac mortality. 10, 11 In the Zutphen Study 12 the risk for cardiac mortality associated with a prolonged QTc increases two-to four-fold in middle-aged men and three-fold in elderly men.
The elevated cardiovascular risk in the presence of QTc prolongation has been attributed to ventricular electrical instability, caused by the predominance of left sympathetic nerve activity 13 or by disturbed myocardial membrane function.
14 Moreover, some studies have shown a positive association between QTc duration and cardiovascular risk factors, such as body mass index, blood pressure, fasting glucose, and tobacco smoking. 7, 15, 16 Similarly, subjects with an increased QT dispersion (QTd), which may mirror discrepant repolarization characteristics of different areas of the heart, show an increased cardiovascular mortality and morbidity. 17 To our knowledge, there is no information concerning the relationship of QT interval length and dispersion with cardiovascular risk factors in healthy young subjects. However, there is considerable evidence that risk factors for coronary heart disease also occur in early life, 18, 19 and in a recent study, hypertension, obesity, and blood glucose concentration has been found to be associated with preclinical atherosclerotic lesions in youth. 20 Therefore, an efficacious cardiovascular prevention should begin early in life. The aims of this study were to determine the prevalence of an increased QTc and QTd and to investigate the association of QTc and QTd with cardiovascular risk factors in a sample of healthy young subjects.
Materials and methods
This study was part of an extensive survey performed to analyse the prevalence of cardiovascular risk factors in adolescents and young adults. The original sample consisted of 1413 Caucasian subjects (born between 1 January 1977 and 31 December 1978), enrolled in Turin public junior high schools in 1991. 21 Between 2001 and 2002, 171 subjects -aged 22-25 years -from the original sample agreed to participate in a follow-up examination; one was excluded because of diabetes. We therefore studied 170 healthy subjects (84 males and 86 females). At baseline, the follow-up population (n ¼ 170) was not statistically different from the nonexamined subjects (n ¼ 1242).
We examined all subjects in the morning, after obtaining written informed consent. All of them had been instructed to fast and refrain from smoking, caffeine and alcohol consumption, and heavy physical activity on the morning of the test day.
None of the subjects were under any therapy known to affect QT interval and dispersion, nor had they consumed any drug on the examination day. In all, 34.5% of females were taking oral contraceptives.
Height and weight were measured using a manual height-board and an electronic scale, respectively. Subjects were bare-footed and without clothes. Body mass index (BMI) (weight/height 2 ) was calculated. Blood pressure was evaluated three times in the right arm, after 5, 10, and 15 min of sitting position, using the oscillometric device AND-UA631 (A&D Instruments, Oxford, UK); the mean of the three measurements was considered in the analyses. Capillary blood total cholesterol was determined using a reflecting photometer (Accutrend Cholesterol, ROCHE, Germany). Blood glucose was analysed with the glucose oxidase and potassium ferricyanide method (Glucometer Esprit 2, BAYER, Austria). Smoking habits, recorded as number of cigarettes per day, and blood pressure status of first-degree relatives were assessed by a standardized questionnaire.
A simultaneous 12-lead ECG was recorded by means of a 12-channel electrocardiograph (Mac 1200, Marquette Hellige Inc., Germany) at a paper speed of 50 mm/s. RR and QT intervals were measured with a magnifying ruler on the ECG tracing. QT interval was taken from the beginning of the QRS complex to the end of the downslope of the T wave (crossing of the isoelectric line). When T waves were inverted, the end was taken at the point where the trace returned to the isoelectric line. When U waves were present, the end of the T wave was taken as the nadir between the T and the U wave. If the end of the T wave was not clearly identifiable, the lead was not included in the analysis. In each lead, three consecutive beats in the period of minimal RR variation were considered for QT measurement.
QT intervals were analysed by one expert observer, unaware of the clinical data of the subjects, and the QT for each subject was taken as the mean value of the three calculated intervals. QT intervals were corrected for the previous cardiac cycle length according to Bazett's formula: QTc (ms) ¼ QT/ORR. QTc was considered prolonged when 4440 ms, in accordance with the criteria commonly used in the literature. 5, 10 QTd was calculated as maximum QT interval minus minimum QT interval in any of the leads. Since it does not depend on the heart period in the same way as the QT interval, QTd was not corrected with Bazett's formula. 22 In order to obtain the intraobserver variability in QTc and QTd measurements, ECGs of 12 patients were analysed by the same observer on two different occasions. Differences between the two readings were not significant (QTc: 413.6728.9 vs 413.9728.4, P ¼ 0.98; QTd: 37.4715.9 vs 30.3712.8, P ¼ 0.24). According to Bland and Altman's plot method, 23 the intraobserver repeatibility coefficients were 4.3 and 12.9 ms for QTc and QTd, respectively. The mean of the differences was À0.3372.18 for QTc and 7.1676.59 for QTd, the corresponding 95% confidence intervals ranging from À1.7 to 1.0 ms and from 2.8 to 11.4 ms, respectively.
Statistical analysis
Means and standard deviations of evaluated parameters were calculated separately for male and female subjects; in both genders we evaluated the prevalence of a prolonged QTc (4440 ms). T-test and w 2 test were used to test for sex differences of means and proportions, respectively. Subjects were categorized into sex-specific tertiles of QTc and QTd; we performed a multiple regression analysis to explain QTc (dependent variable, expressed in tertiles) as a function of the biological and environmental variables evaluated (BMI, blood pressure, blood glucose and cholesterol, smoking habits, hypertensive familiarity). The analysis was performed separately in male and female subjects and was repeated using QTd as dependent variable. Since, the consumption of oral contraceptives was neither significantly related to QTc or QTd in females, nor changed the regression parameters, we did not include it in the analysis.
A P-value o0.05 was considered statistically significant. The statistical analysis was performed using the SAS package. 24 
Results
General characteristics of the study population are summarized in Table 1 . BMI, waist-to-hip ratio, systolic and diastolic blood pressure, blood glucose, percentage of smokers, and QT dispersion were higher in male subjects, while female subjects showed a significantly faster heart rate. A prolonged QTc was observed in 10% of female and 5% of male subjects (P for differences between sexes ¼ 0.24). No other alterations of ECG tracings were observed.
BMI, blood glucose and cholesterol concentrations, blood pressure, smoking habits, and hypertensive familiarity were non significantly different between patients with and without QTc prolongation. Table 2 shows the results of the multiple regression analysis prepared to predict QTc (expressed in tertiles) on blood fasting glucose and cardiovascular risk factors. In women, QTc duration was positively associated with fasting blood glucose concentration; this association was independent of BMI, systolic blood pressure, total cholesterol, smoking habit, and hypertensive familiarity. In men, QTc duration was positively related to systolic blood pressure, independently of glycaemia and other cardiovascular risk factors. Unlike QTc duration, QT dispersion (Table 3) was not significantly related to any of the considered factors.
Discussion
In this study, in 170 healthy young subjects, we observed a significant positive association between QTc and fasting blood glucose in female subjects and systolic blood pressure in male subjects, independent of other cardiovascular risk factors.
The positive relationship between QTc and glycaemic values may be explained by several mechanisms. Acute hyperglycaemia increases QTc duration in experimental animals 25 and in healthy subjects 26 by increasing sympathetic activity 27 and cytosolic calcium content. 28 In diabetic patients, the association between glycaemia and QTc may be also QT interval in young subjects G Leotta et al mediated by insulin-resistance and chronic hyperinsulinaemia, since insulin increases sympathetic activity and hyperpolarizes plasma membrane of cardiac myocytes. 29 A positive relationship between QTc duration and fasting glucose has been previously demonstrated in a large population-based study 16 and in the elderly. 30 In women aged 52-88 years with normal fasting glucose, QTc was prolonged as a function of progressive worsening of glucose tolerance. 31 In male subjects, we found a direct relationship between QTc duration and systolic blood pressure; this association, which has been reported in diabetic patients 7 and in middle-aged healthy subjects, 16, 32 may depend on an increased sympathetic activity, responsible for both a higher blood pressure 33 and a prolonged QT interval. 34 The gender difference we found in the relationship between QTc duration, glycaemia, and blood pressure may be related to sex differences in cardiac myocyte membrane action potentials. Compared to men, women tend to have longer QT intervals, 35 are at increased risk of Torsade de Pointes during treatment with quinidine, and show a higher increment in QTc for similar drug concentrations. 36 Hormonal factors may contribute to sex differences in ventricular repolarization, although data on the effects of oestrogens and progesterone on QT interval and dispersion are not univocal. 37, 38 The significantly higher blood pressure we found in male subjects may also have contributed to the sex differences in the relationship between blood pressure and QTc duration.
Other studies found a sex discrepancy in the prognostic value of QT prolongation. In women only, QTc is positively and significantly associated with incident coronary heart disease. 39 In type I diabetic patients, QTc duration correlates with ischaemic heart disease, nephropathy and neuropathy in male subjects only. 7 In nondiabetic subjects, the relationship between QTc and carotid atherosclerosis is stronger in women that men. 32 In the present study, we did not find any association between QT dispersion and cardiovascular risk factors. This finding was not unexpected, since QT dispersion measurement suffers from several methodological problems, in particular reproducibility and stability, and is considered an imprecise measurement of repolarization abnormalities. Therefore, only grossly prolonged QT dispersions (4100 ms), that were not found in our study, should be interpreted as a sign of abnormal repolarization. 40 The significant positive linear relationship we found between QTc and blood glucose concentration (in females) or blood pressure (in males) suggests an association between potential cardiovascular risk factors and QTc duration, already present in young age and in subjects with QT interval, glycaemia, and blood pressure values within the normal range. Although the clinical implications of such an association are unknown, in follow-up studies performed in apparently healthy middle-aged and old populations, it has been observed that the longest QTc within the normal range is associated with a higher risk of coronary heart disease in males, 12 and that QTc is prolonged as a function of progressive worsening of glucose tolerance in females with normal fasting glucose. 31 A limitation of our study is the lack of information about some factors that may influence QT interval, such as serum levels of Na þ , K þ , Ca 2 þ , and Mg 2 þ . Our young healthy population, though, was unlikely to be affected by diseases known to cause electrolyte disturbances. In conclusion, our results suggest that, also in young and healthy subjects, QTc duration is positively associated with glycaemia and blood pressure.
Since risk factors known to occur in adults may also occur in children and adolescents, an efficacious strategy for primary prevention of coronary heart disease should begin in early life. We therefore suggest the inclusion of QT measurement, a noninvasive, inexpensive, and reproducible index of myocardial instability, in the screening and followup of young population for cardiovascular risk factors.
What is known about QT interval and cardiovascular morbidity K A prolongation of QT interval increases the risk for coronary heart disease, ventricular arrhythmias and sudden death in diabetic patients, after myocardial infarction and in the elderly. K In healthy populations, subjects with a prolonged QTc show an increased risk for coronary heart disease and cardiac mortality. A positive association exists between QT duration and cardiovascular risk factors in middle-aged populations. K An increased QT dispersion is associated with a higher cardiovascular mortality and morbidity. There is no information about the relationship of QT interval with cardiovascular risk factors in healthy young subjects.
What this study adds K Also in healthy young subjects, QTc duration is positively associated with potential cardiovascular risk factors, such as relative hyperglycaemia in female subjects and systolic blood pressure in male subjects. K QT measurement may be useful in the screening of young population for cardiovascular risk factors.
